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7) Abstract 

A head flexure assembly (40) for position- 
g a transducing head (25) over a selected track 

4) of a rotatable disc (30) in a disc drive sys- 
m (10) having an actuator arm (16) and head . 
spension (18) includes a bimorph piezoelectric 
icroactuator (46) having first and second ends, 
le first end of the microactuator (46) is attached 

the actuator arm (16), and a flexure (22) is 
cached to the second end of the microactuator 
6). A slider (24) carrying the transducing head 

5) is attached to the flexure (22). 
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BIMORPH PIEZOELECTRIC MICROACTUATOR HEAD 
AND FLEXURE ASSEMBLY 

BACKGROUND OF THE INVENTION 
The present invention relates to a rnicroactuator for a disc drive system, 
5 and more particularly to a bimorph piezoelectric rnicroactuator motor integrated 
into a head and flexure assembly. 

The recording density of radial data tracks required in high performance 
disc drives continues to increase, necessitating higher resolution in head 
micropositioning devices to accommodate the decreased track pitch. 

1 o Conventional actuators, utilizing a voice coil motor (VCM) for example, lack the 

precision to achieve the resolution required. Hence, an additional rnicroactuator 
capable of adjusting the position of the head across several radial tracks with 
high precision must be implemented in the disc drive. 

A number of solutions have been .proposed to effect fine movement of the 
15 transducing head. The rnicroactuator proposals have taken several forms, 
including a micro-motor attached directly to the slider and a piezoelectric 
rnicroactuator implemented at the head mounting block connecting the head 
suspension to the actuator arm. However, no universally acceptable 
rnicroactuator design has been found that combines manufacturing simplicity with 

2 0 "superior performance chau-acteristfcs7~including a~ high- moveirrenMo-applied— 

voltage ratio, sufficieht force for a^fveri TOdvei^nft^^id^ sufficient frequency 
1 " " '"^ response' of the ! rnicroactuator . '< 1 u ■ — * ! 5M - ' ' ? ' /rLr ' * " ' ' n 1 ! ' 

; .Xhus^there is a need in the art fpr a rnicroactuator d'esigrf that is simple 
to manufacture and provides superior performance characteristics. 

25 ' SUMMARY OF; THE INVENTION ^ - 

n the present invention i$ a hiad flexure assembly f of positioning a 

transducing head over a selected track : of a rotatable disc, in a disc drive system 

^ having an actuator arm and head suspension. The head flexure assembly 
includes a bimorph piezoelectric rnicroactuator having first an£ second 1 ends: 
3 0 The first end of the rnicroactuator is.attached to .the JheadE suspension, and a 
flexure is attached to the second end of the microaetuatOT. A slider carrying the 
Transducing head is attached to! the flexure. . .. 
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In one embodiment, the first end of the microactuator is clamped by 
' swaged flaps of a swage plate, which is itself attached to the head suspension. 
In one form of this embodiment, the flexure includes swaged flaps connected to 
the second end of the microactuator. 
5 According to another aspect of the invention, the bimorph piezoelectric 

microactuator includes first and second piezoelectric layers and a metal shim 

* ' • •..•:■-*:-■-, y. f - - ... f ■< .j- t ' . • , 

attached between the piezoelectric layers. A first conductive "layer covers the 

f > * , ;( 

first piezoelectric layer, and a first insulating coating covers the first conductive 
layer. A second conductive layer covers the second piezoelectric layer, and a 
10 second insulating coating covers the second conductive layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a top view of a disc drive actuation system for positioning a 
slider over tracks of a disc. 

FIG. 2 is a perspective view of a head and flexure assembly with a 
15 ,s waged bimorph piezoelectric microactuator according to the present invention. 

FIG. 3 is a toj> .view of the bimorph piezoelectric microactuator shown 
in FIG. 2. 

, FIG. 4 is a top. view of an alternative embodiment of the piezoelectric 
microactuator shown in FIG. 2. 
2 0 FIG. 5 is a top view of the head and flexure assembly having the swaged 

bimorph piezoelectric microactuator shown in FIG. 2, further showing "an 
exemplary configuration of flexible wires for connection to the transducing head 
and the piezoelectric microactuator. 

DETAILED DESCRIPTION OF TOE PREFERJIED'EMB 

2 5 FIG. 1 is a top view of a disc drive actuation system 10 for positioning 

slider 24 over a track 34 of disc 30. Actuation system 10 includes voice coil 
motor (VCM) 12 arranged to rotate actuator arm 16 around axis 14. Head 
suspension 18 is connected to actuator arm 16 at head mounting' block 20. 
Flexure 22 is connected to an end of head suspension 18, to fly slider 24 a small 

3 0 distance above the surface of disc 30. Slider 24 carries a transducing head (not 

shown in FIG. 1) for reading and/or writing data oh tracks 34 of disc 30. Disc 
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30 rotates around. axis 32, so that windage is encountered by slider 24 to keep 
it aloft over the surface of disc 30. ... 

VCM 12 is selectively operated to move actuator arm 16 around axis 14, 
thereby moving slider 24 between tracks 34 of disc 30. However, for disc drive 
5 systems with high track density, VCM 12 lacks sufficient resolution to position 
the transducing head on slider 24 over a selected track 34 of disc 30.^ Therefore, 
a high resolutioji microactuator is also necessary.^ . w ■ ; 

FIG. 2 is a perspective view of slider 24 and flexure 22 of the present 
invention. Swage plate 42 includes aperture 44 for attaching to a distal end of 
10 actuator arm 16 (FIG. 1)/ Bimorph piezoelectric ^microactuator 46 comprising 
piezoelectric layers '46t'md%'6c{Tc^p&a at one end^y "swaged flaps 45 of 
plate 42, and is attached to flexure 22 by swaged flaps 47 at its other end. 
Swaging is shown as an exemplary means for attaching microactuator 46; it will 
be apparent to one skilled in the art" that* other means'' of attachment may be 
15 employed. Plate 42 is connected to a actuator arm through aperture 44, or by 
a similar connection 'mechanism. Slider 24 is attached to flexure 22 in a manner 
known in the art. In the exemplary embodiment shown in FIG. 2,~the trailing 
edge of slider 24 is attached to tongue'portion 49 at gimbal point 48. Slider 24 
includes transducing head 25 at its distal end. "The process of assembling swage 
20 plate' 42V'microacmator46r flexure' 22"anQ J slider' 24* may be automated to 
irnprqve manufacturing efficiency. 

* " l 'ln ? operation, a voltage is applied to pie'zoelectric'layers 46a' and 46 c of 



bimproh piezoelectric microactuator 46, causing one of the piezbeleciric layers 
to expand and the other to contt^™ 

2 5 " 22, thereby causing microactuator 46 to bend in the direction of arrows 51. 1 he 

bending of microactuator 46 occurs in the direction of arrows 51 because it is 
restrained where it is connected to swage plate 42. Movement of microactuator 
"46 results in corresponding movement of flexure" 22 and slider 24, diereby 
'I selectively changing the position of head 25 with respect to the tracks of a disc, 

3 0 . when the. slider and flexure assembly is implemented in a disc drive system in 

the manner generally shown in FIG. 1 . 
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FIG. 3 is an enlarged view of piezoelectric microactuator 46 restrained 
at one end by swaged flaps 45 of plate 42. Microactuator 46 includes first 
piezoelectric layer 46a, second piezoelectric layer 46c, and center metal shim 46b 
, bonded : between the piezoelectric layers by conductive adhesive. In the "parallel" 
5 configuration depicted in FIG. 3, piezoelectric layers 46a and 46c are poled in 
the direction of arrows 52a and 52c. A first voltage is applied at terminal 54a 
. to piezoelectric layer 46a, and at terminal 54c to piezoelectric layer 46c. A 
. .second voltage JLs applied -at terminal 54b to^ metal shim 46b. Thus, in the 
, "parallel 1 ' pon^guration^ piezoelectric layer 46a will contract, and piezoelectric 
10 , layer 46c will expand, in response tQ the first and second voltages applied at the 
. terminal. The result, is a, bending motion (shown in phantom) of piezoelectric 
microactuator 46, since swage plate 42 restrains one end of microactuator 46. 
T^he Y jamount of bending -of -microactuator 46, and thus the amount of 
AJ .displacement x>f slider 24 (FIG. 2),. copnected. to microactuator 46 by flexure-22, 
15 : is precisely controlled, by to terminals 54a, 54b and 54c. 

L , ^ Thus, nucroactuator.,46 is able to^rovide.highi resolution positioning of slider 24 
. , over a selected track of a disc. _ 

v ( > .. In. the; alternative; embodiment ^ depicted by FIG. 4, piezoelectric 
, microactuator 46. is constructed in .a, "series" configuration. Piezoelectric layer 
2 0 46a is-ppled in. the, direction. of. T arro\y^56a and piezoelectric layer 46c js poled in 
- the opposite .direction, shown by arrpvy 56c. A first voltage is applied at 
terminal 54a to piezoelectric layer 46a, and a second voltage is applied at 
r terminal. 54c to pje;zoelectric, layer 46c. As a result, piezoelectric microactuator 
46 bends as indicated in .phantom, since one end of microactuator 46 is restrained 

2 5 by ^ savage plate .42. r The "series" configuration is the simplest and most 

.economical, since it requires only two connections to the outside surfaces of 
piezoelectric layers 46a and 46c. ^However, the "series" configuration yields less 
. deflection per volt of applied potential than, the "parallel" configuration shown 
in FJG. 3. The "parallel" configuration is more complex, requiring three 

3 0 electrical connections, the additional connection being made to the center shim. 

Either of the configurations shown in FIGS. 3 and 4 are acceptable for effecting 
high resolution positioning of slider 24 over a selected track of a disc. 
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FIG. 5 is a top view of head and flexure assembly 40 of the present 
invention as shown generally in FIG. 2, further depicting an exemplary 
configuration of flexible wires 60 and 62 for connection to the piezoelectric 
microactuator* layers 4'6a-46c and transducing head 25, respectively: Wiring 62 
5 i 0 'for connection to transducing head 25 is preferarjly routed along a side of Head 
and flexure assembly 40, conforming to swaged flap 47b, piezoelectric layer 46c, 
and the periphery of swage plate 42, for connection to control circuitry located 
elsewhere in the disc drive system. Wiring 60 for' connectiofi to terminals 54a, 
54b and 54c generally conforms to swaged flap 47a, pieibe^ectrhi layer46st, and 

1 o trie outer periphery of swage plate 42V fdf ; cohnectiOrl r to control circuitry located 

' elsewhere inlhe* disc drive "system: Ter&iriais 54a, f 54W arid "54c are preferably 
formed in insulating layer 58' cbve'fing ^ distal end'Vf microactuator layers 46a, 
46b and 46c. 

' The configuration of yMhgiW$A\\ FIG; 5 n is^ exemplary only; it will 

15 '"te^appm b * 
employed. For examplb,'the c6rltr61 cire&itrV for th£pieroelectric xfticroactuator ' 

- may lie disposed^m^ 
plate 42, or insulating layer 58, with appropriate wirmg' Vo : tHe niicroactuator 
layers ^6a-46c.' ' Vivage ptete 4f may be^grDUrfiiea knd"&upJed to either 

2 0 : ' rnetil dum£& ortoefe^ 60 

^a q 65 C do : 'nb L t;interf^ of b^rph 

ptezo¥te^ 4^a-46c°aSa slider 2$ barfyin^ transducing' head 25 

is acceptable. 

: 1 ' ' : ' * ' Conductive electrodes 66a and 66b J are pf o vide^&lj acfint t6 piezoelectric 
25 U ; layers Wand 4<5c, respect^ and' r 66b are 

* ' rurther protected by insulating layers 68a ^rid'68b, respectively^ Layers 68a and 
'68b preferably include* an additional epioxy coating, and the" mechanical 
connection between "insulating layer 6&a and swaged flaps 45a and 47a, as well 
asthe mechanical connections between msulaiihg layers ^8b and swaged flaps 

3 0 45b and 47b are made by an epoxy bond. Electrodes 66a arid 66b are therefore 

electrically isolated 'from a voltage associated with swage plate 42 and flexure 
22. If a terminal configuration is desired such that the voltage on swage plate 
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42 is to be applied to electrodes 66a and 66b, a conductive via orwire 'may be 
provided to electrically connect electrodes 66a and 66b to swaged flaps 45a and 
45b, respectively. It will be apparent to one skilled in the art that a variety of 
terminal and connection configurations are possible to implement the present 
5 invention. 

The bimorph piezoelectric microactuator of the present invention enables 
a relatively large, high resolution displacement of a slider in a disc drive system 
in response to a relatively small force induced in the microactuator. For 
example, for a microactuator having a length of 0.3 inches, the displacement at 
10 the tip of the microactuator is 41.5 microinches at 10V DC (resulting in an even 
.greater displacement at tjie transducing head due to the additional length of the 
flexure) with a force of only approximately 5 milliNewtons. A frequency of 
greater than 5 kiloHeitz is possible for such a microactuator configuration. Tlie 
- -length of the bimorph piezoelectric microactuator may be varied, depending on 
1 5 the desired relationship between head displacement, voltage, force, and frequency 
of the microactuator. The present invention provides excellent performance 
characteristics in a design that is simple to manufacture. 

Although the. present invention has been described with reference to 
preferred embodiments, workers skilled jn the art will recognize that changes 
2 0 may be made in form and detail without departing from the spirit and scope of 
the invention. 
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WHAT IS CLAIMED IS: 

• - ' ' - * *- • • " - ' r - 

1. .A head flexure assembly for positioning a transducing head over a 

selected track of a rotatable disc in a disc drive system having an actuator arm 

and head suspension, the head flexure assembly comprising: 

5 a bimorph piezoelectric microactuator having first and second ends; 

attachment means attaching the first end of the microactuator to the 

actuator arm; , 

a flexure attached to the second end of the bimorph piezoelectric 
microactuator; and 

: 5 -.' ' : ;r. • v' * J-.: r. , t r t r/ , „ :jj *. xt . ^-v..-.: j 

10 a slider attached to the flexure, the" slider carrying the transducing head. 

) ■' " :* • '-'\i>, . ' : I. 'Ms;;^^; 1 - *■ :;r; - r ' 

? The head flexure assembly of claim 1, wherein the attachment means 

includes a swage plate haying flaps swaged to clamp the first end of the bimorph 

piezoelectric microactuator. 

3. The head, flexure assembly of claim 1, wherein the flexure includes 

15 swaged^ flaps connected to the second end of the bimorph piezoelectric 

: -,.::7.uz-}-\ iri ^ - ; *:*".; ,::.r- . ;>,1py.::. ^n..j.- *; ':. . ■ = ....' i T* • . v» •: il: 

microactuator. 

'• ./ -a'- ; a • -v.- m=[ rou.i^/iTi 0 . T . ;t. . . . 

4. The head flexure assembly of claim 1 , wherein the bimorph piezoelectric 

microactuator comprises: 

a first piezoelectric layer poled in a first direction aiiS having a first 
2 0 terminal to receive a first electrical potential; 

a second piezoelectric layer poled in the first iiirection and having a 

second terminal to receive the first electrical potential; ' and 
a metal shim attached between the first and second piezoelectric layers 
and having a third terminal for receiving a second electrical 

2 5 potential. 

5. The head flexure assembly of claim 4, wherein the bimorph piezoelectric 
microactuator further comprises: 

a first conductive layer covering the first piezoelectric layer and 
electrically connected to the first terminal; 

3 0 a first insulating coating covering the first conductive layer; 

a second conductive layer covering the second piezoelectric layer and 
electrically connected to the second terminal; and 
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a second insulating coating covering the second conductive layer. 

6. The head flexure assembly of claim 5, wherein the first and second 
insulating coatings are epoxy bonded to the attachment means. 

7. The head flexure assembly of claim 1 , wherein^the bimorph piezoelectric 
microactuator comprises: ri 

a first piezoelectric layer poled in a first" direction and having a first 
terminal to receive a first electrical potential; 

a second piezpelectric / layer poled in a second direction opposite the first 
direction, and having a second terminal to receive a second 
electrical potential; and 

a metal shim attached between the first find second piezoelectric layers. 

8. The head flexure assembly of clainy7, wherein the bimorph piezoelectric 
microactuator further comprises: 

a first conductive^ layer covering the first piezoelectric layer and 

electrically; connected to the first terminal; 
a first insulating coating covering the first conductive layer; 
a second ^conductive layer covering the "sSolSd "piezoelectric layer and 

electrically connected to the second terminal; and 

a second insulating coating covering the second conductive layer. 

* ^ , f 

9. The head Iflexiire assembly of claim 8, wherein the first and second 
insulating coating? are epoxy bonded to the attachment means. 
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